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Here the quantities H and E are characteristic of the isolated molecule; i. e., 

do not depend on the temperature and density. Since the bracketed term in (2. 24) is 

dimensionless, H has dimensions ern - 2, a.'1d F(v) has dimensions ern , the absorption 

coefficient J.L(V) has the r"'quired dimension ern - 1 . 

The foregoing equations have been incorporated into the digital computer programs 

which reconstruct the absorption spectra of the important band systems of heated air . 

These band systems will be discussed a little further on. 

Species concentrations and Boltzmann factors for the electronic state s of diatomic 

air molecules are computed by a separate program known as the Equilibrium code. 

The results of this computation, which is discussed in Appendix B, are provided to the 

other programs on a magnetic tape for digHal computer use. 

The average absorption coefficient and the line shape factor F(v). The absorption 

coefficient,as required in the strict development of the equation of radiative transfer. 

is a continuous function of frequency. However ,it is rarely possible to make use of 

such !nonochrornatic values of the absorption coefficient in practical problems concerning 

the flow of radiative energy from one location to another because of the mathe matical 

complexity of such problems. Their practical solution is usually undertaken with the 

aid of appropriately ch sen "average" absorption coefficients which are assumed con

stant over some suitable frequency interval. In addition, the shape of molecular lines, 

as represented by the line shape factor F(v), are not yet well :mown as functions of 

temperature and density . A number of specific line broadening mechanisms have been 

studied (Ref. 18) both experimentally and theoretically. However, the uncertainties 

of thP general problem are such as to make it inadvisable to include such partial infor 

mation in an absorption coefficient study which covers such a broad range of tempe r a

tures and densities as does the present one. For the reasons outlined above we rn ::tke 

use of a frequency averaging procedure in our calculations so that we do r.ot present 

monochromatic absorption coefficients. Even with this enormous simplification ,the 

arnoW1 t of data to be computed and presented is very la r ge and requir es extensive use 
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of large digital computer facilities. Again, due to the complexity of the radiative 

transfer equation, it is not possible to specify a priori the nature and magnitude of 

the errors which will arise from our frequency averaging procedures. Such errors 

wil , of course , depend on the particular application, and the reader is cautioned to 

bear in mind the limitations inherent in the use of our results, particularly in connec

tion with problems involving large optical depths. 

The averaging procedure. Suppose a denotes a set of numbers which complete ly 

specifies the transition from which a given line arises. We are concerned with a 

large but finite collection of such sets of numbers and so we can order these arbitrarily. 

Labeling the line L-U with the vector a , Eq. (2. 11) may be written 

(2. 2 5) 

The reason for the change in notation becomes clear when we define an average absorp

tion coefficient which pertains to a frequency interval ~11 : 

-~11 1 J J...L(11) d 11 J...L -
~11 

~11 

and, s ince 

J...L( 11) I: J...La (11) 
Q' 

+ J...L ( 11) c 

where J...L is the contribution from continuum transitions , then 
c 
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(2 . 26) 

(2 . 27) 

(2. 28) 























Section III 

ABSORPTION BY ATOMS 

3.1 ENERGY LEVELS AND OCCUPATION NUMBERS 

In order to calculate photoio11ization absorption , one must specify the set of atomic 

states or energy levels present in the gas under given equilibrium conditions and 

compute the absorption from each of these states individually. The contribution to 

the absorption coefficient from an individual atomic state i can be expressed , for 

calculational purposes, as 

= N . L 
1 

a .. ( E) 
1J 

-1 
ern ( 3. 1) 

where N. is the number density (in atoms/em 
3

) of atoms in the state i , and tr . . (E) 
1 lJ 

is the photoionization cross section. 

The subscript j arises from the fact that each atomic state wi 1, in general , give 

rise to several different photoionization transitions , corresponding to different states 

of the residual atom. For each of these different final states j there is a separate 

cross section a .. ( E) and different energy threshold E! such that , to obtain the total 
1J lJ 

cross section for all final sta tes , the sum over j as indicated in Eq. (3. 1) must be 
T 

performed for all states j for which E :o... Eij 

The theory whereby the cross sections a . . ( E) are obtained is described in the next 
l J 

section. The present section is devoted to a brief discussion of the number densities , 

or occupation numbers, N. which, together with the a .. ( E) , make up the absorption 
1 lJ 

coefficient according to Eq. ( 3. 1). 
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A. 3 THERMODYNAMIC RELATIONS 

As a basic assumption of the analysis, we assume that all reaction products y< t ) 

exhibit the characteristics of an ideal gas. Thus, the ideal gas law 

PV nRT (A. 9 ) 

holds and relates the pressure P , and the volume V to the abS'olute temperature 

T . R is the molar gas constant and n is the number of moles . 

The average molecular weight M of the gaseous system can be defined using the 

molecular weights Mt of the species y<t) as 

(A. 10) 

t = 1 

where the composition in terms of c t has been exprassed using Eq. (A. 6b). 

From the basic definition of mass density p and the above relation for M , the 

volume of the system V is written as 

v nM 
p 

Thus, Eq . (A. 9) may be rewritten in terms of p giving 

p = pRT 
M 
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( A. 11) 

(A. 12) 
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